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(54) TWe: ACOUSTIC ELEMENT AND METHOD FOR SOUND PROCESSING 
(57) Abstract 

The invention relates to an acoustic clement and method for sound 
processing. The acoustic elcnocnt (1) is made of a porous stator plate (2) 
which is either electrically conductive or plated on at least one of its surfaces 
to be conductive. A moving diaphragm (3, 3a. 3b) has been attached 
to the stator plate (2). To measure as well as produce sound pressure 
and particle velocity, the equipment comprises two pairs of aforementioned 
acoustic elements (1). Elements serving as sensors control elements serving 
as actuators to attenuate and absoib sound. 
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1 

Acoustic element and method for sound processing 

The present invention relates to an acoustic element having a plate- 
like structure. 

5 The method further relates to a method for sound processing, in 

which at least at least one property of a sound field is measured, and on the 
basis of the measurement result an attenuation sound is produced by at least 
one actuator. 

In order to determine acoustic variables, both the sound pressure 
10 and the particle velocity must be known. These may also be used to determine 
acoustic impedance, which is the quotient of the sound pressure and the 
particle velocity. To control acoustic properties by active control methods and 
equipments, it must be possible to measure and adjust the aforementioned 
variables. 

15 It is known to employ an electrostatic loudspeaker made of 

perforated plate for producing sound. The loudspeaker has a plate-like 
structure, but Its drawbacks include a strong resonating tendency of the plate 
structure. In addition, electric shielding of the structure is problematic. 

It is the object of the present invention to provide a simple and 

20 efficient acoustic element and method for sound processing. 

The acoustic element according to the invention is characterized by 
comprising at least one porous stator plate which is either electrically 
conductive or plated on at least one side to be electrically conductive, and at 
least one moving diaphragm with at least one electrically conductive surface. 

25 The method according to the invention is further characterized in 

that at least two dipole sensors and at least two dipole actuators, said sensors 
and actuators consisting of at least one porous stator plate which is either 
electrically conductive or plated on at least one of its sides to be electrically 
conductive and of at least one moving diaphragm with at least one electrically 

30 conductive surfece. constitute a sandwich structure in which the sensor 
signals are coupled to control the moving of the dipole actuators for adjusting 
the sound pressure and the particle velocity to match the desired value 
signals. 

The basic idea of the Invention is that the acoustic element consists 
35 of at least one porous stator plate which is electrically conductive or plated on 
at least one of its surfaces to be electrically conductive, and of at least one 
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dielectric moving diaphragm with at least one electrically conductive surface. 
The idea of another embodiment is that the element consists of at least two 
porous stator plates and a moving dielectric diaphragm between them. The 
idea of yet another embodiment is that the moving diaphragm is pemianently 
5 charged as an electret diaphragm. Further, the idea Is that the elements 
according to the invention constitute a sandwich structure so that it has at 
least two dipole sensors and at least two dipole actuators, the sensor signals 
being coupled to control the moving of the actuators for adjusting the sound 
pressure and the particle velocity to match the desired value signals. 

"•^ The invention provides the advantages that the element has a 

simple structure, problems resulting from resonating are non-existent and its 
electric shielding is easy. Further, the sandwich structure contnbutes to 
efficient production, measurement and attenuation of sound. 

The invention will be described in more detail in the accompanying 

15 drawings, in which 

Figure la shows schematically a perspective view of a part of the 
equipment according to the invention, 

Figure lb shows a top view of a part of the equipment in Figure la 

cut open, 

20 Figure 1c shows a side view of a part of the equipment in Figure la. 

Figure 2a shows schematically a perspective view of a part of 
another equipment according to the invention. 

Figures 2b - 2d illustrate alternative details of the equipment 
according to Figure 2a, 

25 Figure 3 is a schematic representation for a third actuator element 

as a perspective view. 

Figure 4 is a schematic representation for a fourth actuator element 
as a perspective view. 

Figures 5-7 show alternatives to schematic diagrams of the 
30 method according to the invention, and 

Figures 8 - 13 are schematic representations for alternative 
geometric shapes of the inventive element. 

Figure 1 shows an equipment with two acoustic elements 1 on top 
of one another as a lamellar structure. The acoustic element 1 comprises two 
35 porous electrically conductive stator plates 2, between which has been 
arranged a permanently charged moving diaphragm 3. The surface against 
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the diaphragm 3 of the stator plate is slightly wavy, whereby small air gaps will 
remain between the moving diaphragm 3 connected thereto and its surface, 
the small air gaps enabling the movement of the diaphragm 3, As indicated by 
Figure 1c, the moving diaphragm 3 consists of two separate diaphragms, the 
5 upper diaphragm 3a of which has a negative charge and the lower diaphragm 
3b a positive charge. Electrodes A, B, C and D have been fomied between the 
diaphragms 3a and 3b. As shown by Figure lb, the electrodes A, B, C and D 
are finger-figure electrodes, which means that the electrodes A and C, and 
correspondingly B and D may be positioned interleaving in the same layer. 

10 From the electrodes A, B, C and D, either a signal corresponding to the 
movement of the electrode may be measured, or the movement of the 
diaphragm may be produced by applying a control voltage to the electrodes, 
jhe electrically conductive stator plates are grounded. Between the acoustic 
elements 1 there is intermediate material 4. which may be material absorbing 

15 sound passively, such as glass fiber plate, in which the glass fibers are 
perpendicular to the element plane. 

An advantageous embodiment of the Invention is represented by 
one where the measured signal of the electrode A is coupled, amplified with 
coefficient -P, to the movement-producing element D, and the movement 

20 signal measured from the electrodes B is coupled, amplified with coefficient P, 
to the electrode C, as illustrated by Figure 5. This produces a control 
corresponding both to the sound pressure and the particle velocity for 
producing a reverse sound field and for preventing the sound field from 
propagating through the element in noise attenuation embodiments. 

25 Figure 2 illustrates an equipment having four identical acoustic 

dipole elements 1 connected to each other by intermediate material 4. The 
stator plates 2 are made of porous plastic plate whose inner sur^ce has been 
metal-coated by evaporation. The metal-coated inner surface in question is 
grounded. The moving diaphragm 3 may be made of two plastic diaphragms 

30 3a and 3b between which there is provided a metallized layer to which the 
control signal is applied, or from which the measured signal Is obtained as 
shown by Figure 2d. The diaphragms may also have electric charges of 
different polarities, whereby an external bias voltage source is not required, as 
shown by Figure 2b. It is also possible to employ one charged diaphragm 3, 

35 whereby one of the electrodes of the stator plates 2 is grounded, and the other 
serves as the signal electrode, as shown by Figure 2c. Also in the embodiment 
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Of Figure 2a, any element 1 may serve in sound measuring and sound 
producing capacity. 

Figure 3 shows an embodiment in which four folded dipole elements 
5a - 5d known per se are interconnected, and the elements are coated with a 
5 porous layer 6. In this embodiment, too. any electrode A - D may serve as a 
sensor or an actuator. 

Figure 4 illustrates an equipment having atop a moving diaphragm 
3a. whose upper surface has a metal coating 7. Below this, a stator plate 2 is 
found which has a metal coating 7 on both sides. The moving diaphragms 3a 
10 and 3b are in the middle with a conductive layer between them. As to their 
bottom parts, the electrodes of the equipment are min-or images of the upper 
part. 

It is typical of all the above equipments illustrated in the Figures is 
that the sum of two signals e.g. A + B correspond to the sound pressure and 
15 the difference A - B corresponds to particle velocity. Similarly, by controlling 
the elements C and D in a cophasal manner it is possible to implement a 
monopole actuator producing sound pressure, and by controlling the elements 
C and D in a differential phase it is possible to implement a dipole actuator 
producing particle velocity. The aforementioned principle is applicable in many 
20 ways to sound reproduction equipments, active sound controlling, acoustic 
correction, and to embodiments of active noise attenuation. 

A most advantageous control method is shown by Figure 5, 
Implementing the principle of attenuating sound transmissivity, in which a 
sound pressure sensor controls the particle velocity actuator and a particle 
25 velocity sensor controls the sound pressure actuator. To implement the control 
principle, the signal B needs to be amplified with a coefficient P which 
corresponds to the control signal of the actuator C. The signal of the sensor A 
must be amplified with a coefficient -P to implement the aforementioned 
control principle. The control may also be implemented In the Inverse way, with 
30 the electrode D controlling the electrode A. and the electrode C controlling the 
electrode B. 

Figure 6 illustrates a corresponding control principle in which the 
frequency-dependent properties of the system may be adjusted with a variable 
gain amplifier G, - G4. Audio signals may be applied to the system also from 
35 connectors A, and Aj. 
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Figure 7 illustrates a control principle by means of which the 
acoustic impedance of the element may be adjusted. The difference of the 
sound pressure and the desired impedance Z x particle velocity is applied to 
the electrode C, With very high gain of G2, the aforementioned difference 
5 approaches zero, which fulfills P = Z x U, i.e. Z = P/U, which is the equation for 
acoustic impedance. Acoustic impedance may therefore be adjusted by 
adjusting the coefficient Z,. By adjusting the coefficient K. the backward 
radiation of the element may be adjusted to zero. 

Figures 8-13 illustrate physical structures of the acoustic elements. 

10 The structures may be planar, cylindrical, conical or even three-dimensionally 
arched surfaces. The elements may consist of a plurality of acoustic elements 
1 with integrated control electronics 8 at their edges. Many of the 
accompanying drawings show the acoustic elements 1 schematically as totally 
flat, although they possess some dimensionality in the thickness direction. 

15 Cylindrical and conical modules and combinations thereof are particularly well 
suited for noise attenuation of air-conditioning systems as they are capable of 
both absorbing noise within a duct made of modules and of attenuating sound 
that leaks out through the duct wall. The planar elements can both produce 
sound according to an audio signal and simultaneously absorb noise or adjust 

20 e.g. reverberation time by adjusting acoustic impedance according to the 
desired value Z,. Due to their rigidity, the modules may be used as the load- 
bearing structure as such. The surface layers serve as both electrical and 
mechanical shields, and they may be coloured or patterned as desired. The 
white surface may also be used as a background for a picture to be reflected. 

25 The drawings and the description related thereto are only intended 

to illustrate the idea of the invention. The invention may vary In details within 
the scope of the claims. As the modules also contain components that absorb 
sound passively, the modules may be used for attenuating and absorbing 
sound in the entire sound spectrum, although the active, electronically 

30 implemented portion in the system works best within the frequency range 0 - 1 
kHz. Hence, It is worth while to filter frequencies higher than this off the control 
system. The simplest implementation of the invention may be an element 
having a porous metallized plate in the inner surface, with a moving diaphragm 
arranged in the surface of the plate. Such a sound element may also be rolled 

35 up. It should be noted that porous stator plates as such attenuate high 
frequencies and prevent harmful acoustic reflections. Several attenuating 
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elements according the Invention may be placed on top of each other to add to 
the efficiency. A wall structure with two elements positioned facing each other 
as a mirror Image is most advantageous. 
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CLAIMS 

1, An acoustic element having a plate-like structure, 
characterized by comprising at least one porous stator plate (2) which 
is either electrically conductive or plated on at least one side to be electrically 

5 conductive, and at least one moving diaphragm (3, 3a, 3b) with at least one 
electrically conductive surface. 

2. An acoustic element as claimed in claim 1. 
characterized in that the element comprises at least two stator plates 
(2), between which a moving diaphragm (3) has been arranged. 

10 3. An acoustic element as claimed in claim 1 or 2. 

characterized in that the moving diaphragm (3, 3a. 3b) is pemnanently 
charged as an electret diaphragm. 

4. An acoustic element as claimed in any one of the previous 
claims, characterized in that the moving diaphragm (3) consists of two 

15 diaphragms (3a, 3b), between which there is provided two finger-figure 
electrodes (A, B. C, D) in one layer. 

5. An acoustic element as claimed In any one of the previous 
claims, characterized In that the control electronics (8) controlling the 
element is positioned at the edge of the element (1 ). 

20 6. An acoustic element as claimed in any one of the previous 

claims, characterized in that there are arranged two or more elements 
on top of each other as a sandwich structure. 

7. An acoustic element as claimed in claim 6, 
characterized in that between the elements positioned on top of each 

25 other there Is provided porous intermediate material (4) that absorbs noise 
passively. 

8. A method for sound processing, in which at least one property of 
a sound field is measured, and on the basis of the measurement result an 
attenuation sound is produced by at least one actuator, 

30 characterized in that at least two dipole sensors and at least two dipole 
actuators, said sensors and actuators consisting of at least one porous stator 
plate (2) which is either electrically conductive or plated on at least one of its 
sides to be electrically conductive and of at least one moving diaphragm (3, 
3a. 3b) with at least one electrically conductive surface, constitute a sandwich 

35 structure in which the sensor signals are coupled to control the moving of the 
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dipole actuators for adjusting the sound pressure and the particle velocity to 
match the desired value signals. 

9. A method as claimed in claim 8, characterized in that the 
first electrode (A) serving as a sensor controls the second electrode (D) 

5 serving as an actuator, multiplied by a coefficient -P. and the third electrode 
(B) serving as a sensor controls the fourth electrode (C) serving as an 
actuator, multiplied by a coefficient P. 

10. A method as claimed in claim 8 or 9, characterized in 
that a signal corresponding to the sound pressure is formed from the sum of 

10 the sensor signals, and that a signal corresponding to the particle velocity is 
formed from the difference of the signals to adjust the movements of the 
actuators. 

11. A method as claimed in claim 8 or 10, c h a r a c te rj z e d by 
forming a product of the particle velocity signal and the impedance control 

15 coefficient Z,. subtracting the sound pressure signal from it, amplifying the 
difference by a gain coefficient (Gj), and inputting this signal to control the 
movements of the actuators. 

12. A method as claimed in any one of the previous claims, 
characterized in that between the acoustic elements (1) sound is 

20 attenuated by means of porous intemiediate material (4) that absorbs sound 
passively. 
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